NI! MINFUDIVII VIVA MW TAI OMIOID? Jas TOW 


Abe WeiczManm S€leace er ress OF israel e Jerusaiem) O°7yI 49 e 5 


99 


109 


119 


131 


‘e Volume 10C Number 3, November 1961 


BULLETIN 
OF THE RESEARCH COUNCIL 
OF ISRAEL 


Section ¢€ 
TECHNOLOGY 


Bull. Res. Counc. of Israel. C. Techn. 


Incorporating the Scientific Publications of the 
Technion — Israel Institute of Technology, Haifa 


An investigation of the bainite reaction in a high-silicon steel 
M. Rosen and A. Taub 


The viscosity of air at high rates of shear E. Bousso 


Euclid or Riemann? An inquiry into the foundations of Rheology 
H. Hencky 


Effect of washing and waxing of oranges upon their diphenyl 
absorption Anna Rajzman 


LETTER TO THE EDITOR 


137 


A rapid test to detect the presence of peroxides in citrus essential 


oils J. J. Monselise 


"Digitized by the Internet Archive 
in 2023 


https://archive.org/details/israel-journal-of-technology_1961-11_10c_3 


99 


109 


119 


131 


137 


The Weizmann Science Press of Israel e Jerusalem o°5y19° ¢ Sxawea maddy) YaAvACy INA omo IDS yas toi ¢ 


Volume 10C3, November 1961 


BULLETIN 
OF THE RESEARCH COUNCIL 
OF ISRAEL 


Section ¢€ 
TECHNOLOGY 


Bull. Res. Counc. of israel. C. Techn. 


Incorporating the Scientific Publications of the 
Technion — Israel Institute of Technology, Haifa 


An investigation of the bainite reaction in a high-silicon steel 
M. Rosen and A. Taub 


The viscosity of air at high rates of shear E. Bousso 


Euclid or Riemann? An inquiry into the foundations of Rheology 
H. Hencky 


Effect of washing and waxing of oranges upon their diphenyl 
absorption Anna Rajzman 


LETTER TO THE EDITOR 


A rapid test to detect the presence of peroxides in citrus essential 
oils J. J. Monselise 


BULLETIN 
Of THE RESEARCH COUNCIL 
OF ISRAEL 


MIRIAM BALABAN 
Editor 


EDITORIAL BOARDS 


SECTION A 
CHEMISTRY 


Y. AVIDOR 
E. D. BERGMANN 
H. BERNSTEIN 
M. R. BLOCH 
E. KATCHALSKI 
A, KATZIR (KATCHALSKY) 
G. STEIN 


SECTION B 
ZOOLOGY 


H. MENDELSOHN 
K. REICH 
L. SACHS 
A. YASHOUV 


SECTION C 
TECHNOLOGY 


A. BANIEL 
Y. BEN URI 
J. BRAVERMAN 
R. LANDSBERG 
A. DE LEEUW 
M. LEWIN 
F, OLLENDORFF 
M. REINER 
A. TALMI 
E. GOLDBERG, Technion 
Publications Language Editor 


SECTION D 
BOTANY 


N. FEINBRUN 
N. LANDAU 
H, OPPENHEIMER 

T. RAYSS 
I, REICHERT 
M. ZOHARY 


SECTION E 
EXPERIMENTAL MEDICINE 


S. ADLER 
A. DE VRIES 
A. FEIGENBAUM 
M. RACHMILEWITZ 
B. ZONDEK 


SECTION F 


MATHEMATICS and PHYSICS 


A. DVORETZKY 
J. GILLIS 

F, OLLENDORFP 
G. RACAH 


SECTION G 
GEO-SCIENCES 


G. DESSAU 
J. NEUMANN 
L. PICARD 


NOTICE TO CONTRIBUTORS 


Contributors to the Bulletin of the Research Council of Israel should conforrm 
to the following recommendations of the editors of this journal in preparing 
manuscripts for the press. 

Contributions must be original and should not have been published 
previously. When a paper has been accepted for publication, the author(s): 
may not publish it elsewhere unless permission is received from the Editor 
of this journal. 

Papers may be submitted in English and in French. 


MANUSCRIPT 
General 


Papers should be written as concisely as possible. MSS should be typewritten 
on one side only and double-spaced, with side margins not less than 2.5 cm 
wide. Pages, including those containing illustrations, references or tables, 
Should be numbered. 

The Editor reserves the right to return a MS to the author for retyping or 
any alterations. Authors should retain copies of their MS. 


Spelling 
Spelling should be based on the Oxford Dictionary and should be consistent 
throughout the paper. Geographic and proper names in particular should be 
checked for approved forms of spelling or transliteration. 


Indications 


Greek letters should be indicated in a legend preceding the MS, as well as by a 
pencil note in the margin on first appearance in the text. 

When there is any room for confusion of symbols, they should be carefully 
diffe entiated, e.g. the letter “‘1”’ and the figure ‘1’; “‘O”’ and “0’’. 


Abbreviations 


Titles of journals should be abbreviated according to the World List of Scientific 
Periodicals, 

Abstract 
Every paper must be accompanied by a brief but comprehensive abstract 
Although the length of the abstract is left to the discretion of the author, 3% o. 
the total length of the paper is suggested. 


References 


In Sections A and C, and in Letters to the Editor in all Sections, references 
are to be cited in the text by number, e.g. ... Taylor3 ..., and are to be 
arranged in the order of appearance. 

In Sections B, D, E, and G, the references are to be cited in the text by the 
autho1’s name and date of publication in parentheses, e.g. ... (Taylor 1932)... 
If the author’s name is already mentioned in the text, then the year only 
appears in the parentheses, e.g. ... found by Taylor (1932)... The references 
in these Sections are to be arranged in alphabetical order. 

In Section F, references are to be cited in the text by number in square 
brackets, e.g. ... Taylor[3].., and are to be arranged in alphabetical order. 

The following form should be used: 

3. Taytor, G.I., 1932, Proc. roy. Soc., A138, 41. 

Book references should be prepared according to the following form: 

4. Jackson, F., 1930, Thermodynamics, 4th ed., Wiley, New York. 


TYPOGRAPHY 


In all matters of typography the form adopted in this issue should be followed. 
Particular attention should be given to position of symbols, headings, etc. 
and type Specification. 


TLLUSTRATIONS 


Illustrations should be sent in a state suitable for direct photographic repro- 
duction. Line drawings should be drawn in large scale with India ink on white 
drawing paper, bristol board, tracing paper, blue linen, or blue-lined grahp 
paper. If the lettering cannot be drawn neatly by the author, he should indicate 
itin pencil for the guidance of the draftsman. Possible photographic reduction 
should be carefully considered when lettering and in other details. 

Half-tone photographs should be on glossy contrast paper. 

Illustrations should be mounted on separate sheets of paper on which the 
caption and figure number is typed. Each drawing and photograph should be 
identified on the back with the author’s name and figure number. 

ee ace in which the figure is to appear should be indicated on the margin 
of the : 


PROOFS 


Authors making revisions in proofs will be required to bear the costs thereof. 
Proofs should be returned to the Editor within 24 hours, otherwise no respon. 
sibility is assumed for the corrections of the author. 


REFRINTS 


Reprints may be ordered at the time the proof is returned. A table designating 
the cost of reprints may be obtained on request. 


Orders in America should be addressed to Western Periodicals Co., 5734 Tujunga Avenue, North Hollywood, Calif. 

or through booksellers, and in England and Europe to Wm. Dawson and Sons, Ltd. Cannon House, Macklin Street, 

London W.C. 2, directly or through booksellers. Annual subscription per section (four issues): ($10.00, £3.11.5). 

Single copy: $2.50. £-/17/10) — Manuscripts should be addressed: The Editor. The Weizmann Science Press 
of Israel, P.O.B. 801 33 King George Ave., Jerusalem, Israel. Telephone 27844, 26345. 


AN INVESTIGATION OF THE BAINITE 
REACTION IN A HIGH-SILICON STEEL 


M. RosEN* AND A. TAUB** 
Israel Institute of Metals, Technion-Israel Institute of Technology, Haifa 


ABSTRACT 


Austenite-to-bainite transformation was studied under isothermal conditions in the tempe- 
rature range of 250° to 600°C in a high silicon carbon steel with low chromium content. 

The beginning and end of the transformation were determined microscopically; the 
transformed fractions for various holding times were measured by means of lineal analysis, 
and the results used in the analysis of the kinetics of the reaction. The activation energies 
of the processes were determined by plotting the reciprocal of the heat treatment temperature 
against the time required for a given fraction of austenite to transform into bainite. The 
activation energies of the lower and upper bainite reactions were found to be similar, 
respectively, to those of the diffusion of carbon in ferrite and in austenite. 


The bainite reaction is generally regarded as a transformation involving the processes 
of nucleation and growthl.2, the new phase growing from a nucleus out of the 
primary phase by thermally-induced atom diffusion. This mechanism is gaining uni- 
versal acceptance in spite of objections to the effect that the reaction is not a process 
of nucleation and growth in the entire intermediate range3. Admittedly, a shear mecha- 
nism in which the coherency of the lattices is maintained may be involved in the 
initial stages of the reaction; this is borne out by the martensite-like relief effect 
(revealed with the aid of a stylus) of the bainitic needles. 

Nucleation and precipitation of the new phase in austenite are associated with 
changes in free energy, providing the driving force for the precipitation. A solid- 
solution alloy, in equilibrium at a given temperature, may be supersaturated at a 
lower temperature and the state of equilibrium will be preserved by precipitation of 
fine particles growing at a rate determined by the diffusion coefficients of the alloy. 
Such a rate-process reaction is only possible if the atoms become activated, in their 
metastable state, through the absorption of energy and subsequently react to reduce 
their energy level; the amount of activation energy required is actually equal to the 
energy barrier value between the metastable and the new stable state. If the required 
energy is AU, then according to Boltzmann’s theory, only e—*”/8" atoms will 


* Part of the thesis submitted in partial fulfilment of the requirements for the M.Sc. degree. 
** The Arthuro Gruenebaum Chair of Mining and Metallurgy. 
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have sufficient energy to surmount the barrier and react; the reaction rate therefore 
is proportional to this value, i.e. 


prage SUI et (1) 


— reaction rate 

— constant 

— universal gas constant 
temperature (°K) 

— activation energy. 


where 


ays > 
| 


Eq. (1) indicates that by raising the temperature the reaction rate will increase. 


“Byring4 has stressed that the main controlling factor of a rate process is the 
free energy of activation; thus 


ie ie —AG/RT (2) 
where AG = AH — TAS, 
hence 

Ho kT, AS/R , ~ AH/RT 
where k — constant 


AG — required energy change 
AH — activation heat 

AS — _ activation entropy 

h — Planck’s constant 


The driving force is such transformations is obtained from the changes in free energy, 
but as the resulting changes in entropy are very small in most rate processes, the 
activation energy becomes the main controlling factor. High reaction rates are pos- 
sible even if high activation energies are involved, since they necessitate a large 
increase in entropy which subsequently reduces the free activation energy. 

Formation of stable nuclei capable of growth and thus minimising the free energy, 
will depend on atomic migration (whose statistical frequency is e—2/®?, where Q 
is temperature-independent) and on the work of formation. The free energy decre- 
ment through precipitation, AG, comprises three terms: 


AG = —AG,, + AG, + AG, (3) 


AG,, being proportional to the volume of the nucleus, AG, the increase in free 
energy due to the formation of the surface of the new nucleus, and AG, the increase 
in free energy due to the strain accompanying the formation of nuclei. 


eo ae 
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It is thus obvious that the activation energy required for the formation of a stable 
nucleus is the maximum value A of AG, i.e. the corresponding rate relationship 
will be proportional to e—4/"", According to BeckerS the number os stable nuclei 
formed, I, is given by 


PiaeKer VRE wae (4) 


Cottrell has shown that A decreases with decreasing temperature, resulting in an 
increase in the number of stable nuclei formed. It consequently follows that if A is 
reduced in eq. (4), J will be governed by the variation of e~2/%", whichis proportional 
to the diffusion rate and thus also reduces / at very low temperatures. 

The free energy term due to strain, AG, in eq. (3), affects the shape of the growing 
precipitate. Hollomon7 and Nabarro and Mott’ have found that if the shape of 
the coherent precipitate is plate like, then the increase in strain energy associated 
with its growth will be a minimum. The formation of «-iron from austenite around the 
A3 point is effected through the minute embryonic regions? of body-centered cubical 
symmetry which form and grow according to statistical laws. Above the A3 point 
their growth probability is very low. Cohen!9 identifies these minute regions as high 
dislocation concentration sites of high energy level, capable of providing the necessary 
driving force for the growth of these embryos. 

Investigating the precipitation of carbides and nitrides in steels by internal friction 
measurements, Wert!! concluded that precipitate growth sets in immediately after 
quenching, and thus postulated that although the nuclei must have existed at high 
temperatures, their precipitation had been impeded because their size was below the 
critical. This assumption is of extreme importance in considering the transformation 
kinetics. 

EXPERIMENTAL 


Discs 8 mm in diameter and 2 mm thick with a 2 mm hole through their centre were 
prepared from steel of the following composition: C — 0.58; Mn — 0.97; Si — 1.89; 
Cr — 0.36; S — 0.014 and P — 0.033. 

A triplet of specimens was attached to a steel rod and placed in the austenitising 
furnace at 830°C for 5 minutes. The specimens were then rapidly transferred to an 
agitated liquid-tin bath at the required temperature in the bainitic zone (250°-650°C), 
where they were kept for various predetermined time intervals in order to obtain a 
record of the progress of the reaction, and subsequently waterquenched to room 
temperature. The heat-treated specimens were prepared for microscopic examinations 
and hardness tests were carried out to verify the correctness of the heat treatments 
and microscopic diagnoses. The transformed fractions were determined under the 
microscope with the aid of lineal analysis*, and the results used in the analysis of 
the kinetics of the reactions at various temperatures. 
 * The measurements for the lineal analysis were carried out on the projection screen of a Vickers 


metallographic microscope at 100 x magnification. The length of the traverses made were 100 times 
larger than the largest measured particle found. 
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THE KINETICS OF THE TRANSFORMATION 
In the absence of a universal model compatible with all observed phenomena involved 
in the kinetics of bainite reactions, numerous, empirical relationships have been 
derived on the basis of experimental data. One of these empirical relationships, 
giving the fraction transformed as a function of time at a constant temperature, is 
proposed by Austin and Rickett!2 


1 Meola <5 00 ame Ba (5) 


where f—the fraction of austenite transformed in a given time f, (1—/) being the correc- 
tion factor for impingement, 


K,n — constants, of which K is temperature-dependent 
t — time. 


In logarithmic form, this relationship is represented by a straight line: 


rey = Int + InK, (6) 


Were this empirical relationship valid for the case under investigation, experi- 
mental results plotted as In //1-f against Int should have given straight lines corres- 
ponding to the various temperatures, with n given by the slope and K, by the intercept 
along the In f/1-f axis. However, no such agreement could be obtained, so that eq. (5) 
had to be modified in accordance with Zener’s!3 assumption that the growth law of 
an individual particle is identical with that of the process as a whole. With the rate 
of transformation substituted for the fraction, the following equation is obtained!4: 


df 


hme KG@-—fyte (7) 


5 
ie 


Transposing and integrating 


or 


a (8) 


or, again in logarithmic form 


1 K 
hy penne (9) 
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In this case satisfactory agreement was obtained, and the results are shown in 
Figure |. Each straight line on this diagram represents the progress of transformation 
up to 80% as a function of time at a given temperature. Above this level a tendency 
to deviation from the straight line could be observed, probably due to improper 
allowance for impingement. The straight lines cut the time-axis in intercepts corres- 
ponding to the time preceding the appearance of 1° of visible transformation. The 
locus of these represents the “‘beginning”’ periods. 


80 in.tn (45) = F (int) & 


3 
5, 


FRACTION TRANSFORMED % 


1 40! : 10° 10 
TIME IN SECONDS 
Figure | 
Fraction of austenite transformed to bainite as a function of time, at various temperatures 


Figure | also indicates anomalous behaviour in the temperature range of 450° to 
550°C. The 500°C isothermal is not a straight line, but consists of three segments. 
The transformation rates for this temperature in the 25-55% range are remarkably 
slow, whereas those from | to 2% and from 55% upwards are normal. It is possible 
that two or more competitive reaction mechanisms take place in this particular 
temperature range. 

The n values, calculated from the slopes of the isothermal straight lines, are given 
in Table I. Following Lement’s!5 suggestion that n is dependent on the shape and 


Table I 
n for different reaction temperature ranges 


Temperature n Average 
(°C) 
250-400 3.26-1.96 2.9 
400-550 1.96-1.66 1.8 


550-650 (1.66-3.96 2.8 
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the growth and nucleation conditions of the precipitate, the average values of n 
(also given in Table I) were calculated for the temperature ranges yielding similar 
morphology in the microstructures. (See Figures 3-5). 


_- —_—_— 


600 


500 


400 


300 


TEMPERATURE ce 


RME INESECONDS 
Figure 2 
Time-temperature-transformation diagram of the bainitic range 


Microscopic examination, however, failed to show any morphological similarity 
between the markedly acicular lower bainite and the structures obtained in the vicinity 
of the pearlitic “‘nose’’, in spite of the similarity in the 1 values. 


Figure 3 
Magnification 1500 x Etch: Nital 2% 


Sample was reacted at 350°C for 3 minutes followed by water quench. Picture shows partial transforma- 
tion to acicular lower bainite 


The factor K in eq. (7) and (9) is dependent on the treatment temperature and the 
activation energy of the process, calculated from Figure 1. This dependence of K is 
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Figure 4 
Magnification 1500 Etch: Nital 2% 


Sample was reacted at 500°C for 2 minutes followed by water quench. Picture shows partial transforma- 
tion to a typical structure of upper bainite 


Figure 5 
Magnification 1500 x Etch: Nital 2% 


Sample was reacted at 600°C for 20 seconds followed by water quench. Picture shows partial transforma- 
tion to a mixture of probainitic ferrite and very fine pearlite 
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clearly shown in Zener’s!3 simplified solution for the growth of a spherical precipitate. 
Assuming that the diffusion relationships are linear, i.e. that there is no interference 
from adjacent particles and the parent phase remains undepleted, 


Oat Va oeN. pele 
Veal VR dt 
where V — unit volume 
t — time 
r — radius of particle 
N — number of particles in volume V. 
According to Fick’s law, 
r = A,(Dt)'”? 
or dr = £3 pty tg 
where D —diffusion coefficient 


A, — constant dependent on concentration change. 


Substituting, we obtain 


df N Az 1/2 ,-1 NA3 : 
er Np eel Pelee py [2 DS ey 
7 py *4u 7D t Se D 3/24h/ 
Integrating ; F 
2nN A3 : 
dere Se ieee 
pI V | f 
3 
or if. — Seer t3/2 
but as D.= De 2/8* 
/ 4aNAe : 
therefore f= ay ND eo 3O/2RT 13/2 yn (10) 


Hence K may be expressed as K = Kye~"/8? where Ko is a constant. 
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Substituting K in eq. (9) we have 


(es Oe rs (Ber malnry 


aed 
and as the activation energy for the process!6 is Q, = nQ 
= Ko _ Qx 
In In Le tel SU RT 
perdieorO ¢ Ko 1 
or nint = T Wes (in? + In In 7). (11) 


This equation gives the time logarithm as a function of the reciprocal of the absolute 
temperature for a given transformed fraction. Differentiating with respect to 1/T, 


we obtain 
a0mOih Ox 
1 ete 
re | 


The partial derivative, representing the slope of the curve shown in Figure 6 with 
respect to the temperature axis, is seen to be proportional to the activation energy. 


1900 


TAME TK) 


650 ‘3 
600 
550 12 
500 13 
450 14 
400 ‘5 
350 16 
(7 
300 
{8 
250 19 
10' 107 40° 
TIME IN SECONDS 
Figure 6 


The reciprocal of the absolute reaction temperature versus the time of transformation of 25% 
austenite to bainite 


Activation energies for the different temperature ranges were calculated accordingly 
(limit of accuracy + 300 cal/mole) and the results are given in Table II. 

Wells et al.17 found activation energy values ranging from 28000 to 34000 cal/mole 
for diffusion of carbon in austenite and similar values have been reported by Owen! 
for the formation of bainite from retained austenite. Roberts et a/.18, on the other 
hand, found an activation energy of 18000 cal/mole for the first-stage tempering 


108 M. ROSEN AND A. TAUB Bull. Res. Counc. of Israe? 


Table II 
Activation energies of different reaction temperature ranges at 25% transformation 


Reaction Activation energy Activation energy 
temperature average n for the process for CaaisiOn ee Q 
range cal/mole ae 

XE cal/mole 
250-400 25) 17000 6800 
400-450 1.8 27000 15000 
550-650 2.8 72000 25700 


process. This process is controlled by the diffusion of carbon in supersaturated 
ferrite, which in this particular case was martensite. The assumed model for the 
formation of lower (acicular) bainite is likewise a reaction controlled by the diffusion 
of carbon in ferrite; this assumption is borne out by the calculated activation energy 
values as given in Table II. However, the abrupt changes observable in the slopes 
in Figure 6 suggest that different reaction mechanisms are active in the different 
temperature ranges. It is therefore likely that up to 400°C the formation of lower 
- bainite is controlled by diffusion of carbon in ferrite, whereas the formation of upper 
bainite is controlled by diffusion of carbon in austenite. At higher temperatures, 
where the bainite and pearlite reactions overlap, mixed microstructures were obtained 
and the calculated activation energy of 25700 cal/mole for the diffusion suggests 
that the controlling factor is again the diffusion of carbon in austenite. 
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THE VISCOSITY OF AIR AT HIGH RATES OF SHEAR 


E. Bousso 
Technion, Israel Institute of Technology, Haifa 


ABSTRACT 


A new viscosimeter, utilizing Reiner’s air bearing effect to obtain extremely small gaps, 
is described. The apparent viscosity decreases with decrease in gap size due to slip at the 
boundaries. The true viscosity can be obtained by using Maxwell’s correction for slip. 
After this correction has been applied no dependence of viscosity on gradient can be de- 
tected for gradients up to 107 sec~1, 


1. INTRODUCTORY 


There exist many methods for measuring the viscosity of gases*; one can, however, 
safely say that the velocity gradients in the instruments used so far have been re- 
latively low. 

In the centripetal pump developed by Reiner! very high velocity gradients can 
be realized. The Reiner effect can therefore be used in an instrument for measuring 
the viscosity of gases at very high rates of shear. 

In order to understand the action of the viscometer, a brief description of the Reiner 
effect is necessary. When a cylindrical plate revolves parallel to a flat plate at a 
moderate distance from it, air naturally tends to leave the gap between them due 
to centrifugal action, and the pressure of the medium between them is reduced. 
If this revolving plate or rotor is free to move axially it will approach the fixed plate 
because of the pressure difference acting on both of its sides. However, when the 
gap is thus reduced to a few microns, the rotor will not come any nearer and a state 
of equilibrium will be attained. This is due to the centripetal pumping action dis- 
covered by Reiner which operates increasingly with reduction of the gap between 
the plates. 

If an axial force is applied in order to reduce the gap, a new state of equilibrium 
will be reached. Because of the narrow gaps involved, very high velocity gradients 
are attained. From the values of the viscous torque, the gap, the speed of revolution 
and the diameter of the plate, the viscosity can be calculated. 


2. DESCRIPTION OF THE INSTRUMENT 
The instrument has two rotating disks with a stator suspended between them 
(see Figure 1). 


* Compare, for instance S. Erk in Handbuch der Experimentalphysik, Vol. 1V/4. Ann Arbor, 
Mich., 1948. 
Received July 26, 1961. 
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The rotors (18) and the stator (17) are made of high quality carbon steel, har- 
dened and tempered. The diameter of the rotors is 60.00 + 0.01 mm, that of the 
stator and the disk on which it is suspended 64.00 + 0.01 mm. The working sur- 
faces were ground and polished similar to those of optical surfaces. The surface 
roughness is 0.14 peak to valley. The plates were flattened to within 0.15 yu. Sur- 
face roughness was measured in a “Talysurf’? machine. Flatness was measured 
by observing the number of fringes between an optical flat and the given surfaces. 
The influence of surface roughness and flatness on the viscosity coefficent is taken 
into account in the calculations of the viscosity. 


One rotor is mounted on a spherical seat, on an axle (21) running in fixed ball 
bearings. These bearings produce the reaction tothe axial force applied to vary 
the gap. The other rotor, also mounted on a spherical seat is mounted on a se- 
cond axle (11) running in roller bearings. These bearings allow axial play of the 
axle mounted in them thus permitting the gap between rotors and stator to ad- 
just itself to the axial load. 

In order to insure collinearity of the axles, their housings were bored in one ope- 
ration. The housing of the instrument is also of steel. The rotors are not mounted 
rigidly on their axle, but are mounted on spherical seats (20) which allow them to 
align themselves dynamically perpendicular to the axis of rotation. They are driven 
by means of pins (19), protruding from the seats into grooves in the rotors. 


The stator has a slightly larger diameter than the rotors in order to insure com- 
plete coverage of their area in case the stator swings during measurements. The 
stator is suspended by an extra fine recording tape (16), 25 microns thick and 6.27 
mm wide, onto a disk (14) of the same diameter. This disk is made of perspex. It 
is mounted on knife-edges (4). The tape transmits the viscous moment from the 
lower to the upper disk. A graduated cylindrical bar (3) bearing a two gram (2) 
and a twenty gram (5) weight traverses the axle of the upper disk. By means of 
these weights the viscous moment is measured. Inside the 20 gram weight are two 
pins which engage grooves spaced 5 mm apart. The part of the bar bearing the 
2 gram weight has 1 mm graduations. Static balancing of the stator system is achi- 
eved by means of the weights (1) and (15). When measurements are not carried 
out, the beam is rested on support (18) raised by means of a cam. (12) 

The rotors are belt-driven (6) by means of two wheels mounted on an intermediate 
axle. The driving wheels are grooved. The driven wheels are smooth in order to 
prevent the belt tension from producing a force in an axial direction. 

The common axle is connected to a driving motor by means of a fiexible rubber 
coupling. The motor speed is regulated by means of a variable voltage transformer. 
The motor itself is connected to the base of the instrument through flexible moun- 
tings in order to minimize the vibrations transmitted to the instrument which is 
also mounted on 4 flexible mounts. Through these mounts the instrument can be 


brought to a horizontal position. 
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The gap between the stator and rotor is regulated by varying the axial force applied _ 
to the axis (11) by means of lever system (10), on which weights (9) act. 

The gap between rotors and stator is calculated from the capacity of the rotors- 
stator, the insulated stator forming one plate of a condenser and the two rotors 
the other. The connection to the stator is by means of a fine wire (7) inserted between 
the tape and stator. Contact to the rotors is maintained through brushes (22). Elec- 
trical contact is improved by smearing graphite on the rotor seats and between the 
axles and brushes (22). 

The rotors have a simple cylindrical shape. The object was to create a shape 
which could be finished with the maximum precision. The rotors and stator are 
ground on a surface grinder to a parallelness of 1.5 microns. The moment of inertia 
of the rotors about the axis of revolution is almost twice that about an axis through 
the centre of gravity perpendicular to the axis of revolution. When revolving, the 
principal axis of inertia of the rotors aligns itself along the axis of revolution. Because 
of the wedge-shape of the rotors the flat areas will not be perpendicular to the axis. 
They will subtend an angle equal to half the wedge angle to the perpendicular to 
the axis of revolution. This angle is much smaller than that which would have been 
obtained if the rotors had been rigidly attached to the axles, because of inaccuracy 
of the ball bearings. Another advantage of these rotors is that they align themselves 
parallel tothe stator surfaces due to the fact that the higher velocity gradients on 
the side closer to the stator create a greater pressure perpendicular to the surface 
than on the opposite side. Thus an aligning moment is brought into play and the 
rotors being free, submit to it. (See Figure 2). 


a 


_——- © — 


bta cs Figure 2 
Section through rotor. 
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The moment required to align the surface of the rotor perpendicular to the axis 
of revolution is given by 


M =43 (J, —J2)@” sin 26 (2.1) 
where J, — moment of inertia about axis of revolution 
Jz - ” Spe hs ” perpendicular axis through centre of gravity 
@ — angular velocity 
@ — angle of deviation 
J, = 5m? eat (p?+ 50’) 


gear or) 

m — mass of rotor 

D — diameter of rotor 
A — maximum difference in width due to non-parallelness 
p 


— density 

In our case 
A = 1.5x107*cm D = 6.000 cm 
@ = 1.25x 10 °rad b = 1.000 cm 


p = 7.8 x 10° °kg sec*cm™* 


at@ = 300 radian per sec. 


M = 2.7 x 10°* kg cm 


The moment required to maintain the rotor parallel to the stator is in this case 
negligibly small. 


3. CALCULATION OF THE VISCOSITY 


The moment M required to revolve a flat disk of radius rj, at a speed of w rad/sec. 
parallel to a fixed plate at a distance of Zp from it is given by 


4 
uaz tte 6.1) 
2 Zo 


where 7 is the viscosity of the medium between the disk and fixed plate. 
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In the experiments carried out zp is calculated from the relation connecting the 
capacity of the system C, the area of the plates A, and the dielectric constant of 
the medium between the plates 


Can (3.2) 


Zo 
where 


C — capacity in puF 
A — area in cm2 
K — aconstant equal to 0.08835 puF/cm for air. 


Substituting A = 2m r7, into (3.1) and (3.2), and taking r,; = 3.000 cm we have 


M 
= 0.01963 —— oo 
n = 0.01963 oC (5.3) 
n — Viscosity of air in poises 
M — viscous moment in dyne cm 
@ — radians per sec 


Formulas (3.1) and (3.2) are correct only for absolutely parallel flat surfaces. 
When the plates have a certain degree of roughness, are not flat and not parallel, 
the viscous moment will be given by 


ru 
M=n | —dA (3.4) 
A 
and the electrical capacity by 
dA 
A 
where dA is the element of surface 
u — velocity of the element 
z — distance between element and fixed plane 
r — radius of the surface element 


In polar coordinate u 


I 
= 
~ 


(3.6) 


and dA = rdrdé (3.7) 
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Therefore Sree 
r? 
M=no i | —dr dé (3.8) 
6=0 r= 
and 
27 1 S : 
c=K | f <ardo (3.9) 
@=0 r= r 
For the case where z = zy we have 
20M 
Mok oCr? 3-10) 


which has to replace (3.3). We can assume one plate to be perfectly flat and the other 
to have all the imperfections, and consider four cases. Then cases (a) and (b) refer 
to convex and concave plates. Case (c) refers to fine surface irregularities, and (d) to 
nonparallel plates. We have to introduce a correction factor q, so that 


N=4No (3.11) 


where yp is the measured and y the apparent viscosity. 
For the correction factor q we find the following expressions 
(see Figure 3). 
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Figure 3 F 
Correction factor g for rotors of various shape 
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(a) Convex surface. The distance between the surface element dA on the rotor 
and the stator is given by 


Z=Z5 (1+ c). Cy) 


2 
ry 


where r, is the outer radius, a > 0. We find 


aln(1 + a) 
ah a—In (1+a)| Gis) 


In this case q is greater than unity, and if we neglect to multiply 7) obtained from 
the measured Mand C, we shall obtain a value for 7 which is too low (see Figure 4 
for g as a function of a). 


190- ee ee = —— ae eees = 
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APPARENT VISCOSITY OF AIR AS A FUNCTION OF GAP § AT 27°C 


Figure 4 
Apparent viscosity 7 as a function of gap size d 


(b) In this case g < 1,a < 0. Its neglect will give us a value for 7 which is too 
high. 

(c) When the plates are not parallel, the distance between an element of surface 
dA and the fixed stator is given by 


7 Ze 1+a—sino : 
ry 
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We find 
a2 


q Fe lars 


(3.14) 
If we neglect q, we shall obtain too high a value for n (see Figure 4). 

(d) We assume sinusoidal irregularities of the surface of wavelength. The 
height of an element of surface is given by 


: r 

z= io(1+asin 207) (3515) 
0 

We find that fine surface irregularities do not influence the measured viscosity co- 

efficient if the slope of the infinitesimal elements is small. The correction factor 

q for this case is zero. 


4. EXPERIMENTAL RESULTS AND ACCURACY OF MEASUREMENTS 

The viscosity was calculated from Eq. (3.), when at some given speed w, the moment 
M and the capacity C were measured. The temperature varied between 23.5 
and 27.5°C.Taking 27° as our base temperature, the error will not be great if the 
viscosities at other temperatures are corrected in accordance with the formula de- 
rived from the kinetic theory of a monatomic gas. The corrected values of y are 
shown in Figure 4 in their dependence upon the size of the gap d. As can be seen, 
the viscosity 7 thus calculated is not constant but shows a gradual increases with 
gap size. The curve is of a shape which results if slip at the boundaries is taken 
into account. The correct viscosity 7 can be expressed by an equation of the form 


4 
aes BRD 
where ¢ is a constant coefficient to be determined. A number of values for ¢€ were 
tentatively assumed; among them ¢ = 0.06y, 0.074 and 0.08u. The curves of n 
versus d were plotted as shown in Figure 4. As can be seen, the experimental values © 
fall between these curves, and are well approximated by ¢ = 0.07. This value is in 
good agreement with the kinetic theory of monatomic gases*. 


We thus find for 27°C 
7 = 1.843 x 10-* poises 


This agrees well with the known viscosity as measured at lower rates of shear. 

It can therefore be said that the viscosity of air is not influenced by the value 
of the rate of shear, up to a rate of shear of 107 sec ~'. Also, it was found that the 
slip can be appreciable under conditions of atmospheric pressure when the rate 
of shear is sufficiently high. 


* Compare e.g. Loeb, page 288. 
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LIST OF SYMBOLS 

A —area r —radius 

a —ratio u — velocity 

6b —width z — height 

C —capacitance A — difference in length 

D — diameter € — increment in gap 
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J — moment of inertia of mass No — measured viscosity 
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EUCLID OR RIEMANN? 
AN INQUIRY INTO THE FOUNDATIONS OF RHEOLOGY 


H. HeNcky* 


INTRODUCTION 
In 1949 the author published in the Journal “Research” a paper on the Principles 
of Rheology, introducing a new kinematics and showing that classical mechanics 
contains serious contradictions which directly prevent any further progress in ap- 
plied mechanics. 


Discussions in scientific meetings have shown in the meantime that the difficulties 
are very deeply rooted in our conceptions of physical space making it necessary to 
investigate the foundations of our physical theories. 


The results are interesting because they give a clear insight into the intimate 
connections between our modern theories from elasticity and hydrodynamics up 
to relativity and quantum-mechanics. 


I. THE NATURE OF EUCLIDEAN GEOMETRY 


Already I. Newton had a clear conception that every theory has to form a back- 
ground for our mind in order to make it possibe for experience to remove itself 
from something of our own making, namely from our more or less artificial theories. 


When Newton chose Euclidean Space, he did so, because he felt that this space 
concept is the most general and what is very important, the most undifferentiated 
one which could be taken as a foundation stone of physical science. With the theory 
of transformations in the 19th century S. Lie and F. Klein pronounced the group 


* Professor H. Hencky, whose name is well known to all workers in the field of rheology, and 
especially, in plasticity, died in 1950. His widow has now handed over to me the manuscript of 
this paper which he completed shortly before his death. The fact that twelve years have elapsed since 
it was written, will not detract from the interest which its publication is due to raise. The respon- 
sibility for the views expressed in the paper, lies, of course, entirely with the author. These views 
are not shared by the Editors. 

M. Reiner 
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principle and emphasized the importance of the group concept for our theories of 
space. At about the same time the efforts of mathematicians to create a geometry 
free from the theorem of the parallel lines seemed to yield practical results. It is not 
so strange that in the turmoil of new discoveries misunderstandings rose. After 
all, what has been reached in metageometry? All so-called Non Euclidean Spaceforms 
have a curvature, that is to say ,they lack just the property which makes Euclidean 
Space so superior; its lack of any special differentiation. Before we give up such 
an excellent conception as Euclidean Space let us study its properties and especially 
its reactions to transformation and deformation. 


First of all we must become familiar with the group-concept. A transformation is 
a mathematical operation which can be applied to certain objects or elements. We 
say the elements form a group, when we always get one or the other element of the 
group upon executing the group-operation. In that way we cannot leave the group 
by any operation. So we have for instance the group of rigid movements of solids 
in Euclidean Space. Every movement is a group operation and the transformed 
space is with all its points coincident with the space at rest; only the points of 
coincidence are changed by different transformations. What is all-important, we 
cannot leave our space without anulling the group-property. 


An analytical definition of Euclidean Space which is necessary, but not sufficient, 
is the formula of Pythagoras 


ds* = dx? + dx? + dx? (1) 


Together with the group-principle this formula will yield important results. But 
we want to generalize it somewhat. Using the figure (Figure 1) we can see that when 
we have a non-orthogonal system of reference, the distance OP can be expressed 
by two sets which we denote by x; and x’. It can be proved that 


2 1 
OP? = xx" +.x9x7 +.x3x° = x;,x! 


using the so-called summation-convention. 


The Pythagorean formula can be written therefore ds? = dx,dx'. To execute 
the transition from the x; to the x’ mathematicians have invented a symmetrical 


tensor g;, with the help of which we can write the equation (1) in the generalized 
form 


ds” = gj,dx'dx* (2) 
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where g;, is called the fundamental tensor of the metric properties of our space. 
The form contains in 3 dimensions the length of the unit in the direction of the 


a 


axes and the 3 angles between the axes. We need not specify these formulae, be- 
cause in this paper we always use rectangular coordinates, in which case the x; 
and x' become identical as the reader can guess from a look at the figure. But as 
the symbol g;, is very useful in orthogonal coordinates too, we substitute in this 


case the symbol 6;, giving 
641 = 022 = 633 = 1 and 61, = 623 = 43; = 9. 


As in physical science it is most important that nothing should leave our 3 di- 
mensional space un-checked, we can use only transformations conserving the straight- 
ness of lines otherwise we are in danger of leaving Euclidean Space. 

The most general transformation which can be used therefore is the so-called 
projective transformation. 

But as no physical object can withstand such a transformation unless we 
limit ourselves to infinitesimal changes, we are concerned in the following explanations 
only with infinitesimal transformations. We have then the further advantage that 
it is easy to split up the projective transformation into two components. 
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One is a special transformation leaving elements which are infinitely afar, i.e which 
are situated in the plane infinitely afar, in this plane after the transformation is 
performed. Mathematically such an affinity can be defined by a field of infinite- 


simal displacement Au;. The nine differentials with respect to a Cartesian system 
Au 
Ox; ; 
we get the mathematical expression of the transformation-affinor 


*), Adjoining the unit matrix 6, 


are given by the symbol 0;Au, (shortened from 


Ax, = 9% + OAu, (3) 


As it is essential for the group-concept that the unit transformation be an element 
of the group, we must have A; = 6; when the Au; vanish. 

Such a point-transformation in the infinitesimal region has consequently the 
analytical form dx, = dx, (6,4, + 0,Au,) (3a). Due to its very special character 
this affinity always transforms a rectangle into a parallelogram and never into 
a more general figure. Therefore, in order to attain the most general change of 
figure, we must add the other component, the influence of projection. From a purely 
formal point of view we can see that there is only one possibility, namely, to take 
the given vector Au,, multiply it by another vector p; and add the result p,Au, to 
the affinor of eq. (3). 


The result 
Pi, = 0, + OAu, + pAu, = dO, + (0; + pj) Au, (4) 


can be called a projector, because the vector p; defines the position of the plane 
which coincides with the plane infinitely distant after the performance of the trans- 
formation. 

Of course in a general transformation to every point of space there corresponds 
the vector p; just as does the displacement Au,. The product p,;Au, has no dimen- 
sion. 

When we draw lines from P parallel to our coordinate axes the points of inter- 
section with the above mentioned plane of projection have the distances 1/p; from P. 

It is very strange that these simple ideas are not explained in textbooks of geometry. 

Now proceeding in our development, we show that the transformation P, 
contains all three transformation groups of Euclidean Space; the group of rigid 
movements, the so-called affine transformations and of course the most general 
projective group. 

We first transform the components of ds: 


dx; = dx, (6,; + 0, Au; + p,Au;) (4a) 


dx, = dx, (0,5 + 0,Au, + p,Au,) (4b) 
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Multiplying and putting i= k we get 
ds” = dx,dx, (8,; + @, Au; + p, Au) (6,; + 0, Au; + p,Au;) 


Multiplying out and neglecting higher terms 


ds” = dx,dx, (d,, + 0,Au, + d,Au, + p,Au, + p,Auw, +...... ) 
: : As— As 
Taking the square-root we get with Ae,, = sy oat 
s 
2Ae,, = 0,Au, + 0,Au, + p,Au, + p,Au, (6a) 


As Ae,, must vanish when the distances remain unchanged we have a rigid body 
when Ae,, = 0. But that can only happen, when 


0,Au, + 0,Au,=0 and 
p,Au, + p,Au, = 0 connecting Au; and p;. 


Denoting by Aw,, the total rotation of the element, we get from the antisymmet- 
rical part 


2Aw,, = 0,Au, — 0,Au, + p,Au, — p,Au, (6b) 


Therefore, as p,Au, — p,Au, does not vanish in this case, we have a difference 
in the rotations in the affine and in the projective group ,whereas only for p; = 0 


2Ae,, = 0,Au, + 0,Au, (7a) 
2A@,,= 0,Au, — 0,Au, (7b) 


does the affine subgroup appear. The discrepancy in the rotations is caused by the 
difference in the degrees of freedom between the affine subgroup (three) and the 
group of rigid movements (six) namely, the translations Au; and the rotations which 
are however in this case independent of the rotations of the field of the Aw;. In the 
case of the projective group we have the six parameters Au,, p;, corresponding like- 
wise to six degrees of freedom. 

We see that both subgroups are in the main group, but the subgroup of the rigid 
movements is not wholly in the affine group, which becomes so to say crippled by 


going over to infinitesimals. 
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But even in simple constructive problems we can find a marked inferiority in 
the affine subgroup. 


Let us divide for instance the circumference of a circle according to the metric 
group by making the parts metrically equal, and according to the projective group 
by making the double-relation between four rays equal. There is no analogous affine 
solution. 


It is hard to understand how the mathematicians of the 19th century hit up 
the strange idea that there exist three kinds of geometry, namely, metric, affine and 
projective. We cannot even understand the meaning of a relation or a double-relation, 
when there is no metric space to give a rational sense to the concept of distances 
and to make a comparison possible. We leave this problem to historians and 
analytical psychologists. 


Now we go back to equation (2). 


The fundamental tensor deduced by us has a very elementary meaning; simply 
defining the three sided pyramid of coordinates. It is a symmetrical tensor with 
6 components. 


But, when we assume that these 6 components vary with the coordinates, the 
matter becomes difficult. Now that is just what Riemann did and he discovered 
that this is an excellent ladder with which to climb into the higher dimensions of 
space. Since there was no group theory at the time of Riemann, he went ahead 
and discovered that there exists in these affine spaceforms a tensor of curvature; 
a generalisation of an idea already developed by Gauss for surfaces in three 
dimensional space. Unfortunately for the believers in a so-called affine geometry 
the French mathematician E. Cartan? has shown that this affine space theory 
contradicts the equations of Dirac in quantum-mechanics. Our developments show 
that this is only due to the fact that a subgroup has to be subordinated to the 
main group and when this is done, affine geometry is either a generalisation of 
the theory of Lamé concerning curvilinear systems of coordinates or the study 
of coordinate-webs in three or n-dimensional Euclidean Spaces. 


The question of such coordinate-webs will be treated in the next chapter. 


II. EUCLIDEAN SPACE AND THE EQUATIONS OF RHEOLOGY 


Until now we did not mention the methods of determining the six kinematic pa- 
rameters Au,, p;. 


All problems in Rheology i.e. in the theory of elasticity as well as in hydrody- 
namics have to do with the determination of states of flow. The state of flow or 
the equilibrium is always influenced by stresses as functions of velocities. 
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In order to get rid of infinitesimally small displacements we now introduce velo- 
cities and rotations 


Au; — Dy H At 
AQ ix — Diz . At 


We must adapt the socalled material differentiation in hydrodynamics (following 
the particle of matter) to our new transformation, using the projector instead of 
the affinor. 


As is well known, we have in hydrodynamics two methods of writing down 
the equations for the motion of a particle; the method of Euler watching the 
passing particles with the help of a lattice of coordinates fixed in space, and the 
method of Lagrange following the particle in its course from the same fixed co- 
ordinates. It has been a dogma in applied mechanics that these two methods give 
the same results which indeed they should, but in reality they do so only, when 
we have 6 kinematic parameters and not three. 


The first equation for the time ¢ is the same in both systems. With the stress tensor 
Oo, we get with the acceleration 


4) 
b, = ot + V,0,0, + U,P,° Uz (8a) 
0,0, = We by (8b) 


For the second equation we have to follow the particle, in that case the element 
of volume, registering all important changes. For the stress tensor we have a three- 
fold correction. 

OO~ 


Firstly the differential of the time a secondly the correction for the dis- 


placement v, (0, + p,) 0%, and thirdly the correction for the rotation of the ele- 
ment in the time-interval dt; 0;,@,, + 0,,@,;. The result must again be a symmet- 
rical tensor, and therefore the O' and k can be interchanged. 


The value at the time ¢ + dt of 0, will be 


t 


3 + 0, (0, + Pa) Fix + Fig@ax + Fe,@gi} + fai Sah 


Ont ot { 


Of course the right side of (8b) has to be treated in the same manner, giving 


0G; 0b 
0; (se + 0,0,0 i + DaVsFin + Fiz@rx + pg; i} = Uf ne + v,0,b, + v,p,b,} 
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But as (8b) is valid for all formal differentiations, we can simplify this equation to 
such a degree, that the final result is the following simple relation: 


in’ 0; (VaPa) + Oa 80% + 0; (Cig@.4, + Opaai) = O (8c) 


If the affine kinematics would be the right one, these equations ought to be satis- 
fied identically. It is easy to see, that this is in general not the case. 


Equation (8c) is so to speak a covariant projective differentiation of the Eulerian 
equation. Going over, as is usual in the classical theory of elasticity to small v; and 
small stresses (in comparison with the moduli of elasticity) we have the sum of 
squares of small quantities, but the terms of the first order are absent, therefore the 
equations hold good even in the case of infinitely small displacements. 


We have now 6 equations of equilibrium and 6 kinematic parameters v; and p; 
and that means that in our new theory the equilibrium conditions play a more im- 
portant part, especially in Rheology, where the connection between stresses and 
strains is not such a direct one as in the classical theory of elasticity. 


The case of an ideal liquid 


Putting now p; = 0 and going over to the case of an incompressible fluid without 
friction we have only a hydrostatic stress o, so that in our notation oj, = 6;,° ¢. 


As FiO, = 6° Oi,* Oy = T° Wy 


the expression in the brackets o (w;, + ,;) = 0. All what is left is 6,,- 0;v,° 6,0 = 
= O,V,° 0,0 = 0. 


If the reader takes the trouble to write out these three equtions, he will find that 
the determinant of the affine matrix 


Ax = Ok + Oi, 


must be equal to the unit, and likewise must naturally be 0,v, = 0. 


For an ideal incompressible liquid we have indeed the rare case, that the equations 
(8c) are an identity. 


This ideal liquid is for the affine subgroup what the rigid body is for the metric 
group. 


We see that affine geometry does not have a space of its own so that affiine space 
forms need an Euclidean space to be imbedded in, just as a ladder needs some point 
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of support. But in Euclidean space the theory of the three dimensional spaceform 
is an important extension of the theory of curves and surfaces. 

Unfortunately, all present research in topology has an orientation which hinders 
this discipline in being of any use in applied mechanics. 

It should be noticed that with the aid of Riemannian geometry we can solve 
the following problem in applied mechanics. 

A coordinate system is drawn in a fluid mass, given by g,,. How will the funda- 
mental tensor change when the mass is flowing? The change with the time Ag,, is 
just twice the deformation Ae;,, when the original system of reference is in one to one 
correspondance with the moving particles of matter. 


III. OUR NEW KINEMATICS IN THE LIGHT OF MINKOWSKI’S SPACE-TIME WORLD 


As our tensor methods of writing the formulae are very adaptable, it is easy to show 
how the equations of Rheology look in the four dimensional world of the special 
theory of relativity. We are of course aware that for the normal problems of Rheology 
the development in three space dimensions is enough ,but we have derived new 
equations unfamiliar to the scientific public, and we must therefore use every means 
to make our theory more familiar. In this respect it is of vital importance to check 
the equations of Rheology for beauty and symmetry which manifest themselves in 
the world-wide Minkowski Space. 


Minkowski has advocated a complex Euclidean Space of four dimensions with 
the element of line 


ds* = dx? + dx? + dx} + dxj (9) 


the fourth coordinate x, = c-t:,/—1 =cti, c being the velocity of light. 


The velocities form a tensor of matter T;, having the following components 
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The direction cosines of a unit vector 7; in four-dimensional Minkowski Space 
1 


5 Ps nef = ey ee Py ape care 
are, with y. = ——————3f, = —i'-'04; 2, = high2h fae ti wee i,=y 


1 =(v/c)? 


and the corresponding components of a Minkowski velocity are formed by mul- 
tiplying n; by ic. 


In order to simplify all formal calculations we employ the symbols v;, p;, ox 
and w, only for three dimensional space, and the corresponding vectors in the 
Minkowski world by adding a bar over the respective symbols. 


Then for instance the Minkowski velocity becomes 
V1 = Vz" Y3 V2 = 02°; V3 = 03°; V4 = LC. 


The quantity T;, we leave without a bar, as it is only used in Minkowski space 
alone. 


All Minkowski vectors have naturally a fourth imaginary component. But the 
Minkowski space has the same group-structure as a real four dimensional space, 
and also since four dimensional space has the same degrees of freedom for the metric 
subgroup and the main projective group whereas the affine subgroup has only half 
the degrees of freedom, we can proceed with our development as before. 


There is only one important difference. In Euclidean Space the element has 3 
displacements and 3 rotations, but in four-dimensional space there are 4 displa- 
cements and 6 rotations, but only 8 degrees of fredom. This is connected with the 
fact that there is a metric group in 4 dimensional space, but no rigid four-dimensional 
body. 


The Eulerian equation takes the form 
OG = OT», + By Tix (10a) 


Of course all summations are now from 1 to 4. 


The second term on the right is new and describes the influence of projection. 
The Eulerian equation is in the Minkowski Space a surface-condition, being related 
to three-dimensional space, as can be seen by multiplying with a three dimensional 
volume. Of course it would be interesting to go now into details and determine the law of 
elasticity, but we are forced to leave that for another paper. We just want to mention 
this: The law of elasticty just as the law between forces and accelerations connects stres- 
ses and forces with the kinematical parameters. The law of gravitation is like the 
law of elasticity: an assumed relation which must be checked by experiment. General 
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relativity is a claim of a probably transcendental character and is hardly fit to be 
explained by the assumption of imaginary affine hyperspaces. Moreover it would 
be possible to do the same with the stresses in Rheology. The second equation 
securing the harmony between the methods of Euler and Lagrange, as we have seen, 
remains unchanged. We have only to pay attention to the time differential which 
now has a more symmetrical form, namely 


v, (8, + p,)- 
We then get 


F ,0; (0,D,) + 0:0, ° 40% + O (E20, + O;,0,;) = 0 (10b) 


This equation which is entirely new, is especially important, being related to 
the four dimensional space-time volume of the Minkowski world. It has therefore 
the reality of the quantum of action which is of a higher kind than the reality of 
physical matter filling three-dimensional space. 


The symmetry of our equation is of course not a proof of its physical truth, but 
when symmetry is lacking it should always be taken as a warning. In laying out the 
foundations of natural philosophy, an unusual amount of precision is necessary, 
otherwise reactions with revolutionary consequences can arise. 


CONCLUSION 
Summing up our results, we have shown 


1) That Euclidean Space cannot be abandoned in physics, and that the most 
general group of transformations, the projective group together with its sub- 
groups, is intimately connected with Euclidean Space and determines its kinema- 
tic structure. 


2) Affine Spaces and Hyperspaces have a physical meaning only when they can 
be imbedded in a Euclidean space of three or four dimensions. The rigid body be- 
longs to Euclidean Space of three dimensions just as does the ideal incompressible 
liquid. One is related to the metric group and the other to the affine one. 


3) The group of projective deformations determines the kinematics in three and 
in four dimensional space. This conclusion is confirmed by the fact that we have 
two sets of equations of equilibrium which must be compatible with each other. 


We are naturally aware that our conclusions are new and startling, so that we 
await severe criticism, but that will only benefit our science. 
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EFFECT OF WASHING AND WAXING OF ORANGES UPON 
THEIR DIPHENYL ABSORPTION 


ANNA RAJZMAN 
National and University Institute of Agriculture, Rehovoth 


ABSTRACT 


A study was made of the influence of Borax-washing and Britex-waxing on the absorption 
of diphenyl by oranges. 

Borax-treated fruit was found to absorb more diphenyl than untreated fruit or fruit 
that was both washed and waxed. Fruit that was only waxed absorbed the lowest quantities 
of diphenyl. The washing and waxing did not affect the absorption of diphenyl by fruit pulp. 


Citrus fruit protected by diphenyl against rotting absorb a certain amount of this 
product, and it is possible that some factors acting on the surface properties of the 
fruit have an influence on the diphenyl absorption by the fruit. 

Citrus fruits are generally washed and waxed prior to packing in diphenyl- 
impregnated wraps. These treatments may affect the fruit surface and thus influence 
the amount of diphenyl absorbed by the fruit. The diphenyl absorption by fruit 
treated by washing and waxing, and by untreated fruit was therefore studied. How- 
ever, as these processes could have opposite effects, each of them was studied 
separately. 

In studying the intensity of diphenyl absorption it seems essential to make 
experiments on fruit having similar characteristics and being exposed during the 
experiment to a similar diphenyl environment. Such conditions were achieved by 
wrapping the fruit in paper containing the same amount of diphenyl and storing it 
under similar temperature and ventilation conditions. 

In order to better observe the differences between absorption intensities, strong 
diphenyl absorption conditions were created. During the course of the experiments, 
the diphenyl content in the wraps was controlledin in order to obviate errors in the 
interpretation of differences in diphenyl absorption by fruits, which could be caused 
by an unequal evaporation of diphenyl from the wraps. 

Furthermore, it was observed? that the fruit could also absorb diphenyl from the 
atmosphere of the storage room in noticeable quantities, which could produce mist- 
aken results. In order to determine the relative importance of such absorption, the 
amount of diphenyl absorbed by fruit wrapped in plain paper had to be measured. 
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Therefore, in order to determine the effect of the various treatments on the diphenyl 
absorbed by the fruit: 

1. The diphenyl absorption by diphenyl-wrapped fruit which had been (a) 
washed, (b) waxed, (c) washed and waxed, and (d) untreated was compared; 

2. The diphenyl absorption by untreated fruit wrapped in plain wraps was 
determined ; 

3. The residual diphenyl content of the wraps of each group investigated, during 
the entire period of the experiment, was determined. 


MATERIALS AND METHODS 


Shamouti oranges taken from one tree and weighing between 170-180g were picked 
on December 16, 1959. 1,000 fruits were divided into five lots, each containing 200 
pieces: 

Lot (a) — washed; 

Lot (b) — waxed; 

Lot (c) — washed and waxed; 

Lots (d) and (e) — untreated. 

The fruit was washed by a commercial type Borax solution and waxed with Britex 
wax. Washing and waxing took place in the citrus fruit packing house under industrial 
conditions 

Lot (a) was kept for 3 min. in a 3.3° Baumé Borax solution at 38°C. It was then 
rinsed in hot water contaiuing a detergent and at the same time brushed. The fruit 
was then rapidly dried in the open air. 

Lot(b) was carried directly to the wax sealing machine, sprayed with Britex, and 
then dried in a warm air current. 

Lot(c) was treated in the same manner as that destined for export, ie. washed 
with Borax solution as (a), rinsed and brushed, sprayed with Britex wax, and then dried. 

Lots (a), (b), (c) and (d) were wrapped in paper containing 60 mg of diphenyl per 
625 cm2. Lot (e) was wrapped in plain wraps. Each lot was placed in a wooden box 
covered with polyethylene sheets with the intention to avoid unequal and rapid 
evaporation of the diphenyl from the wraps, and at the same time favoured stronger 
diphenyl absorption. The boxes were placed in a small room maintained at 17°C. 
The experiment was continued for 36 days. 


Determination of diphenyl 


Fruits: Samples of 10 pieces were taken twice a week. The fruit was unwrapped, 
fruit and wraps placed in separate polyethylene bags and transferred to the laborato1y 
for immediate diphenyl content determination. Diphenyl content in peel and pulp 
was determined according to the previously described techniques3 and the quantity 
of diphenyl in the whole fruit was calculated. Diphenyl content was expressed in 
ppm of peel, pulp, and whole fruit. 
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Wraps: Each wrap was divided into two equal parts. The 10 wrap halves were 
placed with 100 ml of chloroform in a ground-glass stopper and shaken for 20 minutes 
Diphenyl content was determined colorimetrically!, Results are expressed as mg 
of diphenyl per wrap. 


RESULTS 


1. Diphenyl absorption of fruit wrapped in diphenyl wraps: 

(a) Peel and whole fruit (Figure 1): 

Notwithstanding the type of treatment given, all the fruit absorbed diphenyl 
progressively. The general absorption trends by the peel and the whole fruit follow 
a similar evolution for each of the treatments. All the quantities absorbed increase 
until the 21st-25th day. After this the absorption seems to stop and variations in the 
diphenyl content of the fruit follow no regular pattern. Among the four lots studied, 
Borax-treated fruit was found to have absorbed the greatest quantities of diphenyl. 
These contained, after 21 days of storage, 114 p.p.m. of diphenyl in the whole fruit and 
325 p.p.m. in the peel. Britex-treated fruit absorbed the lowest quantities of diphenyl, 
and contained on the same date about 60 p.p.m. of diphenyl in the whole fruit and 
190 p.p.m. in the peel. Fruits treated with Borax and Britex seem to absorb the 
same quantities as untreated fruits. After 21 days of storage, fruits of the latter two 
groups had absorbed about 92 p.p.m. of diphenyl in the whole fruit and 250 
p-p.m. in the peel. 

(b) Fruit pulp (Figure 1): 

The quantities of diphenyl absorbed by the fruit pulp increased during the 7-8 days 
of storage, in the four lots, to 0.5-0.8 p.p.m. of diphenyl in the pulp, and varied 
only slightly thereafter. As the quantities absorbed by the four lots of fruit were 
similar no classification was made. 

2. Diphenyl absorption by untreated fruit wrapped in plain wraps: 

Peel and whole fruit (Figure 1): Fruit wrapped in plain wraps absorbed increasing 
quantities of diphenyl. Maximum absorption was found after 20 days of storage, 
corresponding to 6.4 p.p.m. of diphenyl in the whole fruit and 19 p.p.m. in the 
peel. The pulp of these fruits contained no diphenyl. 

3. Diphenyl content of wraps removed during storage: 

It can be seen from Figure 2 that diphenyl loss in the wraps of the four lots of 
fruit was fairly regular and followed a similar pattern. The diphenyl content dimi- 
nished very rapidly in the beginning — after five days of storage the wraps had lost 
40-55% of their initial diphenyl content. After 25 days storage the wraps contained 
approximately 10 mg of diphenyl; at the end of the experiment only minute amounts 
of diphenyl were found. Analysis of the plain wraps showed no trace of diphenyl. 


DISCUSSION AND CONCLUSIONS 


The quantities of diphenyl absorbed by the untreated fruit wrapped in plain wraps 
were relatively small. Thus the quantities absorbed by fruit wrapped in diphenyl 
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Figure 1 


Effect of Borax and Britex treatments on the diphenyl absorption by oranges 


a — Borax treated fruit 

b — Britex treated fruit 

c — Borex + Britex treated fruit 

d — untreated 

€ — untreated fruit, wrapped in plain wraps 
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Figure 2 
Diphenyl contents of wraps removed during storage. 


a — Borax treated fruit 

b — Britex treated fruit 

c — Borax + Britex treated fruit 
d — untreated fruit 


wraps are not related to the diphenyl in the atmosphere of the storage room, but 
rather to the diphenyl in the wraps. The small quaatities of diphenyl remaining in 
the wraps after 25 days of storage explain the stoppage and irregularities in the 
diphenyl absorption. Moreover, the variations in diphenyl content of the wraps 
were similar in the four groups of fruit studied. Hence the differences observed in the 
quantities of diphenyl absorbed by the fruit can be attributed to the various treatments. 

The Borax process seems to favour diphenyl absorption by fruit, whereas the 
Britex wax-coating seems to diminish absorption. Fruit which was subjected to both 
treatments absorbed quantities of diphenyl similar to the untreated fruit. The four 
lots of experimental fruits can be classified according to quantities absorbed, as 
follows: Borax treated > untreated = Britex and Borax treated > Britex treated fruit. 

These treatments have no distinct influence on the amount of diphenyl absorbed 
by the fruit pulp. 
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It would be useful to study the influence of the above treatments on other citrus 
varieties, and the influence of other methods of washing and waxing, in order to 
determine if diphenyl absorption by fruit can possibly be diminished by regulating 
the washing and waxing processes. 
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LETTER TO THE EDITOR 


A rapid test to detect the presence of peroxides in citrus essential oils. 


J.J. MONSELISE, Assis Ltd., Ramat Gan, Israel. 


The presence of peroxides in citrus essential oils is generally considered to be objectionable. A rapid 
method is proposed to detect on the spot the presence of peroxides. 


To 1 ml of citrus essential oil, in a test tube, 1 ml of water and 5 drops of glacial acetic acid are 
added. Then a few crystals of KI and 5 drops of 1% starch solution are added. The test tube is then 
stoppered and shaken for 10 seconds. 


Let the tube stand till the oil separates on top (a matter of seconds). If peroxides are present, the 
watery layer will be pale to deep violet according to the amount of peroxides present in the oil. 


If peroxides are detected, they can be determined quantitatively by using one of the standard 
methods. 
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